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Production of electron-positron pairs by a high-energy probe photon propagating through a high-
intensity laser field is considered in the nonperturbative interaction regime. The laser field consists
of a strong low-frequency and a weak high-frequency component. While for each component alone
photoproduction of pairs is strongly suppressed, we show that their combination can largely amplify
the pair production probability by facilitating to bridge the energetic barrier of the process. Our
predictions can be tested by utilizing presently available high-intensity laser devices.
PACS numbers: 12.20.Ds, 32.80.Wr, 42.50.Ct
Decay of the quantum vacuum into pairs of electrons and
positrons in the presence of a very strong electromagnetic
field belongs to the most intriguing predictions of quan-
tum electrodynamics (QED). For the case of a static elec-
tric field, which was first examined in the 1930s [1], the
process is nowadays often referred to as the Schwinger
effect [2, 3]. The corresponding pair production rate has
the form R ∼ exp(−πEcr/E), where E is the applied
field and Ecr = m
2/e the critical field of QED. Here, e
and m are the positron charge and mass, respectively,
and we use relativistic units with ~ = c = 1. Intuitively,
the exponential rate dependence may be understood by
viewing the pair production as quantum mechanical tun-
neling through a potential barrier of height ∼ 2m and
width ℓ ∼ 2m/eE. The barrier arises from the field-
induced tilting of the positive- and negative-energy states
in the Dirac sea picture. The Schwinger effect has a man-
ifestly nonperturbative character due to its non-analytic
field dependence. An experimental observation has so
far been prevented by the huge value of Ecr ≈ 1016V/cm
which is not accessible in the laboratory.
Pair production processes resembling the Schwinger ef-
fect have also been predicted for space-time dependent
fields, such as provided by high-intensity laser sources,
for instance. While a single plane-wave laser field cannot
create pairs due to constraints from energy-momentum
conservation, pair production can be induced by an ad-
ditional probe photon ωγ traveling through a strong
laser wave [4–11]. When the field frequency ω is rela-
tively small, so that the dimensionless parameter ξ ≡
eE/mω ≫ 1, the rate of this strong-field Breit-Wheeler
process is [4, 5]
R = 3
2αm2
27
√
2πωγ
(
E′
Ecr
)3/2
exp
(
−8
3
Ecr
E′
)
(1)
where α = e2 denotes the finestructure constant and
E′ =
2ωγ
m E ≪ Ecr the laser field amplitude transformed
to the center-of-mass frame of the created pair [11]. The
similarity between (1) and the Schwinger rate is due to
the fact that the characteristic length scale of pair pro-
duction is much shorter than the laser wavelength, so
that the field appears as quasi-static during the process.
Conversely, at high laser frequencies with ξ ≪ 1, pairs
can be created dynamically by absorbing the probe pho-
ton together with a certain number n of laser photons,
according to ωγ + nω → e+e−. In this regime, the rate
scales perturbatively as R ∼ ξ2n. In the 1990s, the
strong-field Breit-Wheeler process was observed in a pi-
oneering experiment at SLAC (Stanford, California) op-
erating at ξ ≈ 0.4 [12, 13]. However, pair production
in the fully nonperturbative regime as described by the
Schwinger-like rate (1) has not yet been observed.
Due to the fundamental importance of Schwinger(-like)
pair production for our understanding of nonperturbative
quantum field theories, schemes to facilitate its observa-
tion have been developed in recent years. A dynamically
assisted variant has been put forward where a rapidly
oscillating electric field is superimposed onto a slowly
varying electric field [14]. Pair production in this field
combination was shown to be strongly enhanced, while
preserving its nonperturbative character [14, 15]. Similar
enhancement effects were obtained for pair production in
spatially localized fields [16] and in relativistic proton-
laser collisions [17]. Experimental verification of these
interesting predictions is hindered by the fact, though,
that the fields employed are difficult to generate [14–16]
or a very powerful proton accelerator is required [17]. For
the strong-field Breit-Wheeler process, which – accord-
ing to the successful SLAC experiment [12] – appears
most accessible to observation, corresponding enhance-
ment schemes have not been examined yet [18].
The significance of the Schwinger effect is further under-
lined by the fact that analogies of it are seeked in various
areas of physics. They have been identified in a variety of
systems such as graphene layers in external electric fields
[19] as well as ultracold atom dynamics [20] and light
propagation [21] in optical lattices. In these systems,
rather than electron-positron pair creation, the transition
probability between quasiparticle and hole states exhibits
Schwinger-like properties.
In this Letter, we study nonperturbative Breit-Wheeler
pair production in a laser field consisting of a strong low-
frequency and a weak high-frequency component. An S
matrix calculation within the framework of laser-dressed
2scalar QED employing Gordon-Volkov states is carried
out [22]. Our method allows us to probe a wide range of
field frequencies, lying far from or close to the reaction
threshold. Absorption of one or more photons from the
high-frequency laser mode is considered. We show that,
due to a favorable combination of the quasi-static and
dynamical production mechanisms, the pair yields can
be largely enhanced for experimentally available field pa-
rameters.
The bifrequent laser field is composed of two linearly
polarized modes, with frequencies ωj, uniform propaga-
tion direction n and perpendicular polarization vectors
ej (j = 1, 2). It is described by the classical vector po-
tential in radiation gauge
AL = A1 +A2 , Aj(ηj) = aj cos(ηj − ϕj) ej (2)
with the phases ηj = (kjx) = ωj(t − n · r), space-time
coordinate xµ = (t, r), wave four-vectors kµj = ωj(1,n)
and phase shifts ϕj . The potential amplitudes aj can
also be measured by the Lorentz scalars ξj =
eaj
m .
The Gordon-Volkov states in the field (2) for a particle
(antiparticle) with free four-momentum pµ− = (Ep− ,p−)
[pµ+ = (Ep+ ,p+)] can be written as [23, 24]
Φp±(x) =
1√
2Ep±V
ei[±(p±x)−Λ1−Λ2] (3)
with Λj =
1
(kjp±)
∫ ηj [ep± · Aj(η˜) ∓ e2A2j (η˜)]dη˜ and a
normalization volume V . They contain the interaction of
the particles with the laser field to all orders and give rise
to the laser-dressed momenta qµ± = p
µ
± +2k
µ
1 y
±
1 +2k
µ
2 y
±
2
and laser-dressed mass m∗ = m[1 +
1
2 (ξ
2
1 + ξ
2
2)]
1/2. Here
the abbreviation y±j =
e2a2j
8(kjp±)
has been used.
The probe photon is treated as a mode of the quantized
radiation field which has wave four-vector kµγ = (ωγ ,kγ),
polarization vector ǫγ , and mode index λγ . Its absorption
during the process is described by the field operator
Aˆγ =
√
2π
V ωγ
e−i(kγx) ǫγ cˆkγλγ , (4)
accordingly, with the annihilation operator cˆkγλγ .
Within laser-dressed scalar QED, the S matrix for pair
production in the considered field configuration reads [24]
S = −i
∫ +∞
−∞
dt 〈Ψp− |Hˆint|Ψp+,γ〉 , (5)
with the initial state |Ψp+,γ〉 = Φp+ |kγλγ〉, final state
|Ψp−〉 = Φp− |0〉, and the interaction Hamiltonian
Hˆint = −ie
(
Aˆγ ·
→
∇−
←
∇ · Aˆγ
)
+ 2e2AL · Aˆγ . (6)
The space-time integral in (5) can be performed ana-
lytically. To this end, the periodic terms in the inte-
grand are expanded into Fourier series by virtue of the
formula ei(u sin(φ)+v sin(2φ)) =
∑∞
n=−∞ e
inφJ˜n(u, v) [25].
This can be done for each laser mode separately, as no
cross terms between them arise due to the orthogonal
polarization of the modes. Generalized Bessel functions
occur here which are composed of ordinary Bessel func-
tions via J˜n(u, v) =
∑∞
ℓ=−∞ Jn−2ℓ(u)Jℓ(v).
This way, assuming the probe photon to counterpropa-
gate the laser beams, we obtain
S = S0
∞∑
n1,n2=−∞
Mn1,n2 e
i(n1ϕ1+n2ϕ2)ei(h1+h2)
×(2π)4δ4 (q− + q+ − kγ − n1k1 − n2k2) (7)
with S0 = −iem
√
π/(2V 3Ep+Ep−ωγ), hj = h
+
j + h
−
j ,
h±j = x
±
j sin(ϕj) + y
±
j sin(2ϕj), and x
±
j = ∓ eajp±·ej(kjp±) for
j = 1, 2. The reduced matrix element is
Mn1,n2 =
(p− − p+) · ǫγ
m
J˜n1 J˜n2
+ ξ1(e1 · ǫγ)
(
J˜n1+1 + J˜n1−1
)
J˜n2
+ ξ2(e2 · ǫγ)
(
J˜n2+1 + J˜n2−1
)
J˜n1 (8)
where the arguments of the generalized Bessel functions
J˜nj and J˜nj±1 read uj = −(x+j + x−j ), vj = −(y+j + y−j ).
Since we are interested in a situation where the laser fre-
quencies are largely different, ω1 ≫ ω2, we shall assume
that the values of ω1 and ω2 are not commensurate. In
this case, the values of the phase shifts are immaterial
and will be set to zero. The square of the S matrix can
be written as [26]
|S|2 = (2π)4|S0|2 V T
∑
n1,n2
|Mn1,n2 |2
× δ4 (q− + q+ − kγ − n1k1 − n2k2) (9)
where the interaction space-time volume V T stems from
the square of the δ function. From (9) the production rate
follows by dividing out the interaction time, integrating
over the produced particle momenta, and averaging over
the probe photon polarization states:
R = 1
2
∑
λγ
∫
V d3p+
(2π)3
∫
V d3p−
(2π)3
|S|2
T
. (10)
Since the energy-momentum balance in the δ function is
given in terms of the laser-dressed momenta, it is con-
venient to rewrite the integrals by using the relation
d3p±
Ep±
= d
3q±
Eq±
[27]. Moreover, for our purposes it shall be
useful to decompose the total production rate into partial
contributions R(n1) associated with a certain number n1
of high-frequency laser photons absorbed. We therefore
express our final result in the form
R =
∑
n1
R(n1) , (11)
3with
R(n1) = αm
2
16πωγ
∑
n2
∑
λγ
∫
d3q+
Eq+
∫
d3q−
Eq−
|Mn1,n2 |2
× δ4 (q− + q+ − kγ − n1k1 − n2k2) . (12)
The numbers of laser photons involved have to be large
enough to satisfy the condition (n1ω1 + n2ω2)ωγ ≥ m2∗.
Based on Eqs. (11) and (12) we have calculated the
rate for strong-field Breit-Wheeler production of (scalar)
electron-positron pairs in a laser field composed of a weak
high-frequency mode (ξ1 ≪ 1, ω1 ∼ m) and a strong low-
frequency mode (ξ2 ∼ 1, ω2 ≪ m). Figure 1 shows our
results on the total rate R and the relevant partial rates
R(n1).
Let us first consider the partial rate which does not in-
volve photon absorption from the first mode (red cir-
cles). Note that, for the chosen parameters, it prac-
tically coincides with the rate for pair production by
the probe photon in the presence of the strong low-
frequency mode alone. To a good approximation the
numerical data exhibit an exponential dependence on
the laser field strength which can be fitted to the curve
f(ξ2) ∼ exp(−Γ/ξ2), with Γ ≈ 12.2. Despite the moder-
ate values of ξ2, the dependence is in reasonable agree-
ment with Eq. (1) which gives Γ ≈ 14.1. That Schwinger-
like rate dependences are obtained already for intensity
parameters starting from ξ ≈ 1 is known from other laser-
induced pair production processes as well [28].
Participation of the weak high-frequency mode can en-
hance the pair production rate tremendously, in spite of
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FIG. 1: (Color online) Rate for pair production by a high-
energy probe photon with ωγ ≈ 0.9487m counterpropagating
a bifrequent laser beam with ω1 = ωγ (such that ∆ = 0.1),
ξ1 = 2×10−3 and ω2 = 0.1m, as a function of the inverse field
intensity parameter ξ2 (black squares). The red circles and
blue crosses show the respective contributions to the rate from
absorption of zero and one assisting ω1-photon, as indicated.
The lines are exponential fit functions to the data (see text
for further details). Note that m = 7.76×1020 s−1 in SI units.
its low intensity. Indeed, for the most part displayed in
Fig. 1, the total rate is dominated by the channel which
involves absorption of one high-frequency laser photon
[29]. The corresponding partial rate (blue crosses) still
exhibits a nonperturbative exponential dependence on
the strong field, however, with a modified and largely re-
duced exponent Γ˜ ≈ 1.20. We note that the typical num-
ber n2 of absorbed low-frequency laser photons ranges
from about 5 to 30 here, whereas for the non-assisted
process from approximately 15 to 25.
The physical origin of the enhancement effect and the
functional form of the rate can be understood as follows.
A collision of two photons k1 and kγ would allow for
pair production by the usual Breit-Wheeler process if the
center-of-mass energy fulfills (k1 + kγ)
2 ≥ 4m2. In the
present case, however, the c.m. energy lies below the
threshold. It is natural to introduce, accordingly, a gap
parameter ∆ by (k1 + kγ)
2 = 4m2(1 −∆). For counter-
propagating photon beams, one obtains
∆ = 1− ω1ωγ
m2
. (13)
In the c.m. frame, this may be rewritten as ∆ =
δ(m + ω1)/(2m
2), where δ = 2(m − ω1) represents the
remaining energy gap for pair production which has to
be bridged by the influence of the strong low-frequency
laser component. In order to gain an intuitive under-
standing we replace the latter by a constant electric field
E = E0e2 which may induce a tunneling through the δ
barrier. The corresponding tunneling rate is of the form
exp(−G) with the Gamow factor (see also [17])
G = 2
∫ ℓ
0
√
2m(δ − eE0y) dy = 4
√
2
3
Ecr
E0
(
2m∆
m+ ω1
)3/2
(14)
where the tunneling length ℓ follows from eE0ℓ = δ.
Equation (14) conforms with the exponential found for
the blue line in Fig. 1 rather well [G ≈ 0.62/ξ2].
The enhancement effect due to the weak high-frequency
mode is most pronounced when the low-frequency com-
ponent is not too strong. When the latter exceeds a
certain level, the effect of the dynamical enhancement di-
minishes and the dominant mechanism of pair production
goes over into the usual strong-field Breit-Wheeler pro-
cess [see Eq. (1)]. The ξ2 value where this transition oc-
curs can be estimated from the relation ξ21 exp(−Γ˜/ξ2) ≈
exp(−Γ/ξ2). It leads to ξ2 ≈ 1, in accordance with Fig. 1.
The perturbative factor of ξ21 in the above relation arises
from the participation of one high-frequency photon ω1
in the dynamically assisted process, since R(n1) ∼ ξ2n11
for ξ1 ≪ 1.
Figure 2 shows the dependence of the production rate on
the gap parameter over a wide range. When ω1 & 0.65m,
the pair production is dominated by the channel which
involves absorption of one high-frequency laser photon.
The corresponding partial rate can be well described by
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FIG. 2: (Color online) Dependence of the pair production rate
on the gap parameter at ω1 = ωγ = m
√
1−∆, ξ1 = 2×10−3,
ω2 = 0.1m, and ξ2 = 0.7 (black squares). The red circles, blue
crosses and green asterisks show the respective contributions
to the rate from absorption of zero, one and two assisting ω1-
photons, as indicated. The blue line is a fit function of the
form suggested by Eq. (14).
a fit function based on Eq. (14). In particular, for small
values of ∆, the rate behaves as R ∼ exp(−κ∆3/2) with
κ ≈ 29.5 whereas Eq. (14) predicts κ ≈ 26.9. Note
that in this region the partial rate involving no high-
frequency laser photon exhibits a step-like form which
results from multiphoton channel closings. For compar-
ison, Fig. 2 also shows the partial rate involving two
ω1-photons which, for the chosen parameter set, is sur-
pressed. It saturates at ∆ . 0.38 where the correspond-
ing threshold is exceeded, i.e., 2ω1ωγ > m
2
∗.
In certain parameter regimes, the pair production can
be dominated by channels involving the absorption of
more than one photon ω1. We note in this context that
the contributions from higher orders in the weak laser
mode are naturally included within our Volkov-state ap-
proach [see Eq. (11)] which complements previous treat-
ments of dynamically enhanced pair production based on
other methods [14–17]. An example is shown in Fig. 3,
where the dominant channel involves the absorption of
two high-frequency laser photons. It leads to a rate en-
hancement of up to ten orders of magnitude in the consid-
ered range of field intensities. As before, the rate shows
an exponential behavior, with Γ˜ ≈ 2.12. It closely cor-
responds to G ≈ 1.88/ξ2 from Eq. (14), using the appro-
priately modified gap parameter ∆ = 1− 2ω1ωγ/m2.
Our numerical results shown above refer to the reference
frame where ωγ equals ω1 or 2ω1, respectively. The pa-
rameters of Fig. 1, for example, could be realized by
lab frame values of ω2 ≈ 2.4 eV (Nd-YAG laser) with
I2 ≈ 1019W/cm2, ω1 ≈ 24 eV with I1 ≈ 4× 1015W/cm2
[30], and ωγ ≈ 10GeV. The γ-photon can be gener-
ated by synchrotron radiation or, as in [12], by Compton
backscattering off a highly relativistic electron beam. In
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FIG. 3: (Color online) Rate for pair production by a high-
energy probe photon with ωγ ≈ 0.9487m counterpropagating
a bifrequent laser beam with ω1 = ωγ/2, ξ1 = 4.5× 10−2 and
ω2 = 0.05m, as a function of the inverse field intensity param-
eter ξ2 (black squares). The blue crosses, green asterisks and
pink daggers show the contributions to the rate from absorp-
tion of one, two and three assisting ω1-photons, respectively.
The red circles show the production rate in the absence of
the high-frequency laser mode. The lines are exponential fit
functions to the data.
this regard it is worth mentioning that laser wakefield
accelerators are currently approaching electron beam en-
ergies of this order [31, 32], this way offering prospects for
a compact all-laser setup to implement our scheme. As-
suming a laser-accelerated beam of 109 electrons with 12
GeV energy and a Compton conversion efficiency into γ-
photons of∼ αξ21ω1τ ≈ 10−4, on the order of 0.1 electron-
positron pairs are created on average in the bifrequent
laser field during an interaction time of τ ∼ 100 fs.
In conclusion, dynamically enhanced pair production in
a nonperturbative (Schwinger-like) regime was studied
within a field configuration purely made of photons.
We determined parameter domains where a weak high-
frequency component superimposed onto an intense opti-
cal laser field leads to pronounced rate enhancement and
identified transition regions between the competing pair
production mechanisms. Our predictions can be tested
by utilizing presently available laser technology.
Useful input by S. Villalba-Cha´vez, R. Schu¨tzhold, and
T. Toncian is gratefully acknowledged. This study has
been performed within the project MU 3149/1-1 funded
by the German Research Foundation (DFG).
[1] F. Sauter, Z. Phys. 69, 742 (1931); ibid. 73, 547 (1931);
W. Heisenberg and H. Euler, ibid. 98, 714 (1936).
[2] J. Schwinger, Phys. Rev. 82, 664 (1951).
[3] For recent work on the Schwinger effect, see C. K. Dumlu
and G. V. Dunne, Phys. Rev. Lett. 104, 250402 (2010);
5F. Hebenstreit, R. Alkofer, and H. Gies, ibid. 107, 180403
(2011); E. Akkermans and G. V. Dunne, ibid. 108,
030401 (2012), and references therein.
[4] H. R. Reiss, J. Math. Phys. 3, 59 (1962).
[5] A. I. Nikishov and V. I. Ritus, Sov. Phys. JETP 19, 529
(1964).
[6] N. B. Narozhny and M. S. Fofanov, J. Exp. Theor. Phys.
90, 415 (2000).
[7] D. Yu. Ivanov, G. L. Kotkin, and V. G. Serbo, Eur. Phys.
J. C 40, 27 (2005).
[8] A. I. Titov, H. Takabe, B. Ka¨mpfer, and A. Hosaka, Phys.
Rev. Lett. 108, 240406 (2012); A. I. Titov, B. Ka¨mpfer,
H. Takabe, and A. Hosaka, Phys. Rev. A 87, 042106
(2013).
[9] K. Krajewska and J. Z. Kamin´ski, Phys. Rev. A 86,
052104 (2012).
[10] S. Villalba-Cha´vez and C. Mu¨ller, Phys. Lett. B 718, 992
(2013).
[11] For a review, see Sec. VIII. in A. Di Piazza, C. Mu¨ller,
K. Z. Hatsagortsyan, and C. H. Keitel, Rev. Mod. Phys.
84, 1177 (2012).
[12] D. Burke et al., Phys. Rev. Lett. 79, 1626 (1997);
C. Bamber et al., Phys. Rev. D 60, 092004 (1999).
[13] We note that an onset of nonperturbative signatures has
been seen in [12]; see also H. R. Reiss, Eur. Phys. J. D
55, 365 (2009); H. Hu, C. Mu¨ller, and C. H. Keitel, Phys.
Rev. Lett. 105, 080401 (2010).
[14] R. Schu¨tzhold, H. Gies, and G. Dunne, Phys. Rev. Lett.
101, 130404 (2008); Phys. Rev. D 80, 111301 (2009).
[15] M. Orthaber, F. Hebenstreit, and R. Alkofer, Phys. Lett.
B 698, 80 (2011); C. Fey and R. Schu¨tzhold, Phys. Rev.
D 85, 025004 (2012).
[16] M. Jiang, W. Su, Z. Q. Lv, X. Lu, Y. J. Li, R. Grobe,
and Q. Su, Phys. Rev. A 85, 033408 (2012); M. Jiang,
Q. Z. Lv, Z. M. Sheng, R. Grobe, and Q. Su, Phys. Rev.
A 87, 042503 (2013).
[17] A. Di Piazza, E. Lo¨tstedt, A. I. Milstein, and C. H. Kei-
tel, Phys. Rev. Lett. 103, 170403 (2009); Phys. Rev. A
81, 062122 (2010).
[18] The rate enhancement reported in [8] has a different na-
ture as it results from the broad frequency spectrum of a
short laser pulse and applies to the perturbative regime.
[19] D. Allor, T. D. Cohen, and D. A. McGady, Phys. Rev.
D 78, 096009 (2008); G. L. Klimchitskaya and V. M.
Mostepanenko, ibid. 87, 125011 (2013).
[20] N. Szpak and R. Schu¨tzhold, Phys. Rev. A 84, 050101
(2011); New J. Phys. 14, 035001 (2012).
[21] F. Dreisow, S. Longhi, S. Nolte, A. Tu¨nnermann, and A.
Szameit, Phys. Rev. Lett. 109, 110401 (2012).
[22] The spin degree of freedom of the electron shall not be ac-
counted for in our calculation. This simplification, which
renders the physical content of the equations more trans-
parent, is enabled by the fact that the production rates
for scalar and fermion pairs coincide, apart from an over-
all numerical prefactor of order 0.1; see Eq. (35) in [10].
[23] C. Itzykson and J.-B. Zuber, Quantum Field Theory
(McGraw-Hill, New York, 1980); Sec. 2-2-3.
[24] F. Ehlotzky, K. Krajewska, and J. Z. Kamin´ski, Rep.
Prog. Phys. 72, 046401 (2009).
[25] H. R. Reiss, Phys. Rev. A 22, 1786 (1980); Appendix B.
[26] In the case of commensurate laser frequencies (e.g., when
ω1 is a harmonic of ω2) interference terms can arise in
the square of the S matrix; see [6] or S. Augustin and
C. Mu¨ller, Phys. Rev. A 88, 022109 (2013).
[27] V. B. Berestetskii, E. M. Lifshitz, and L. P. Pitaevskii,
Relativistic Quantum Theory (Pergamon Press, Oxford,
1971); Secs. 40 and 98.
[28] G. R. Mocken, M. Ruf, C. Mu¨ller, and C. H. Keitel, Phys.
Rev. A 81, 022122 (2010); C. Mu¨ller, K. Z. Hatsagort-
syan, M. Ruf, S. J. Mu¨ller, H. G. Hetzheim, M. C. Kohler,
and C. H. Keitel, Laser Phys. 19, 1743 (2009).
[29] For comparison we note that a production rate of 2.5 ×
10−15m (3.9 × 10−13m) would result in Fig. 1 (Fig. 3),
when the strong low-frequency laser mode was switched
off.
[30] Intense extreme-ultraviolet photon pulses can be gen-
erated through harmonic emission from laser-irradiated
plasma surfaces; see, e.g., C. Ro¨del et al., Phys. Rev.
Lett. 109, 125002 (2012); M. Cerchez et al., ibid. 110,
065003 (2013).
[31] W. P. Leemans et al., Nat. Phys. 2, 696 (2006); X. Wang
et al., Nat. Commun. 4, 1988 (2013).
[32] Generation of 10 GeV electron beams by laser wake-
field acceleration is the goal of the LOASIS program, see
http://loasis.lbl.gov/
